Abstract -It is very crucial to evaluate the genetic diversity of peanut genetic resources for identification of peanut germplasm accessions and variety improvement. Cultivated peanut generally has two subspecies, hypogaea and fastigiata. In this study, we identified peanut into three plant types, virginia (var. hypogaea), spanish (var. vulgaris), and valencia (var. fastigiata). Former one belongs to ssp. hypogaea and latter two are involved in ssp. fastigiata. Twenty SSR markers were used to assess the genetic variation of three sets, hypogaea, vulgaris, and fastigiata, respectively. Out of variety-specific SSR primers tried in this study, ten pairs of SSR primers showed polymorphisms. Each accession could be identified by a specific set of polymorphic SSR primers, and allele number was evaluated among accessions, with an average of 6.7 in var. hypogaea and 5.4 in var. vulgaris and fastigiata. For evaluation of genetic diversity, gene diversity ranged from 0.336 to 0.844 and PIC (polymorphism information contents) ranged from 0.324 to 0.827 were investigated. Dendrograms based on genetic distances were constructed, which showed the existence of three different clusters. And these three different clusters might be associated with the genes involved in three plant types. The results also suggested that there were plentiful SSR polymorphisms among peanut germplasm accessions in RDA (Rural Development Administration, Korea) Genebank and SSRs might play an important role in evaluating peanut accessions and cultivar improvement.
Cultivated peanut has four botanical types, hypogaea, hirsuta, vulgaris, and fastigiata (Krapovickas and Gregory, 1994) .
The first two botanical types belong to subspecies hypogaea, and the latter two to subspecies fastigiata based on their morphological traits and growth habits (Krapovickas and Gregory, 1994) . Botanical types have their specific morphological characteristics, such as all botanical types in ssp. hypogaea being without floral axes on main stem and prostrate habit while those in ssp. fastigiata having main stem fertility and erect plant habit. In this study, we couldn't discriminate between hypogaea and hirsuta, so we identified all the accessions into three types. But there are many intermediate types (Stalker and Simpson, 1995) and they don't fit readily into either of the two recognized subspecies (Williams, 1989) . Evaluation of plant phenotypes requires lots of field, labour and materials and takes long time. So, we think using molecular marker coupled with morphological characteristics to determine plant type is very useful (Scheef et al., 2003) to choose a variety for peanut breeder or farmer. Moreover botanical type-specific markers will be useful in genotyping, germplasm management and evolutionary research. Although there're over 3,100
varieties of peanut germplasms in RDA genebank, only 320 varieties have been discriminated by plant type (Yi et al., 2009 ).
Despite of the economical importance, peanut molecular genetics and genomics have remained at the beginning stage because of the availability of limited molecular markers.
Although the morphologic traits and physiologic characteristics show significant variation in the three botanical types, both biochemical and molecular marker analyses have appeared in Korean J. Plant Res. 24(3) : 272～279 (2011) Original Research Article very low level or even no genetic diversity among the peanut varieties (Hilu and Stalker, 1995; Kochert et al., 1991; Kochert et al., 1996; Singh et al., 1993) . So, it is necessary to develop more molecular markers in peanut for germplasm management and cultivar improvement.
In this study, ten SSR markers were used to study the level of genetic variation diversity for the three botanical types of A. hypogaea. One hundred twenty six accessions of peanut germplasms were regenerated and evaluated. We also studied the potential of these markers to discriminate the accessions of peanut germplasms by confirming the association of markers with phenotype related to plant type.
Materials and Methods

Plant materials and genomic DNA extraction
A list of peanut accessions used in this study is given in Table 1 . Genomic DNA was extracted from green leaves of peanut grown for 30-40 days in the field. DNA was extracted using the modified CTAB method in each accession (Dellaporta et al., 1983) . The extracted DNA concentration and relative purity was adjusted to 20 ng/uL and checked using Nanodrop ND-1000 (Dupont Agricultural Genomics Laboratory).
SSR amplification
The "M13 tail at its 5' end" PCR method was used to measure the size of the PCR products (Schuelke, 2000) . PCR amplification was carried out in a total volume of 20 uL containing 2 uL of genomic DNA (10 ng/uL), 0.2 uL of the specific primer (10 pmol/uL), 0.4 uL of M13 universal primer (10 pmol/uL), 0.6 uL of normal reverse primer, 2.0 uL of 10XPCR buffer (Takara, Tokyo, Japan), 1.6 uL of dNTP (2.5 mM), and 0.2 uL of Taq polymerase (5 unit/uL; Takara).
Conditions of the PCR amplification were as follows; 94℃ (3 
Data analysis
PowerMarker version 3.25 (Liu and Muse 2005) were used to measure the variability at each locus; the observed heterozygosity (HO), the gene diversity/expected heterozygosity (HE), and the polymorphism information contents (PIC). The number of alleles was calculated, and the PIC (polymorphism information content) as estimated from the equation PIC=1-ΣiPi 2 , where Pi is the frequency of the ith allele in the sample examined (Anderson et al., 1993) . A phylogenetic dendrogram was constructed using the unweighted pair-group method with arithmetic averaging (UPGMA) in the NTSYS-pc program (Rolf, 2000) and bootstrapping with Winboot (Yap and Nelson, 1996) . Each amplified primer was treated as a unit character and scored in a binary code of either 1 or 0 for presence or absence, respectively. Genetic variation was calculated within species and genetic similarity between species with Microsoft Excel using the NTSYS dataset.
Results and Discussion
Variations of genetic diversity in accessions of peanut germplasm in RDA genebank
Out of twenty SSR primers, ten could detect polymorphisms in the 126 accessions of peanut germplasms maintained at RDA genebank (Table 1 ). The PCR amplification produced repeatable amplicons in the expected molecular size range. A total of 78 alleles were detected with the 10 sets of SSRs, resulting in an average of 7.8 alleles per locus (Table 3 ). The PM210 primer pair, which had highest number of repeat motifs and PM3 primer pairs produced the highest number of alleles (12 alleles), whereas PM35, PM42, PM45, and PM238 produced only 5 alleles. The major allele frequency (MAF) Substantial diversity exists among accessions of peanut germplasm in morphological, physiological, and agronomic traits. This is the base for modern cultivar improvement by hybridization in future. This study checked a wide both intraand inter-variety diversity in cultivated peanut at the molecular level among the tested accessions from three botanical types.
Dendrogrames based on genetic distances were made for the three botanical types, which revealed the existence of different clusters. The phylogenetic relationships revealed was consistent with the data of plant type obtained using evaluation method by sight (Fig.1) .
The total number of alleles in the 45 var. hypogaea accessions were sixty seven, MAF ranged from 0.278 to 0.641 with a mean value of 0.386, and PIC revealed from 0.440 to 0.827 (mean=0.681) ( Table 4) The highest allele number was observed among accessions in var. hypogaea (6.7), followed by var. vulgaris and fastigiata (5.4). PIC (Polymorphism information contents) value was maximized in var. hypogaea (0.681), followed by var. vulgaris (0.6000) and var. fastigiata (0.547). This results indicated the genetic diversity in cultivated peanut was much richer at the molecular level when compared with that in the morphological levels. The genetic diversity at molecular level of Korean rice breeding parents observed by Song et al. (2003) was also ampler than that at morphological level.
Relationships of peanut germplasms obtained from SSR profiles
In this study, we identified peanut into three plant types, virginia (var. hypogaea), spanish (var. vulgaris), and valencia (var. fastigiata), because we couldn't discriminate between hypogaea and hirsuta. A phylogenetic dendrogram based on the SSR profiles showed two major clusters with genetic similarity 0.34 ; one is estimated for var. hypogaea, another is for var. vulgaris and fastigiata (Fig.1) . The former clade, Arachis hypogaea var. hypogaea involving 33 accessions were outliers, which means they were not involved in any group. These results were a little different from the data obtained by sight. But, the plant type of most accessions were consistent with phylogenetic dendrogram based on the SSR profiles. SSRs are the best marker system for this purpose since they can detect hypervariability in SSR motifs, which is usally selectively neutral (Amos et al., 1996 , Ellegren et al., 1995 , Varshney et al., 2005 . The average expected heterozygosity (HE) and observed heterozygosity (HO) in accessions of peanut in our analysis were 0.713 and 0.387, respectively. Tang et al. (2007) reported that the genetic diversity in cultivated peanut was much richer at the molecular level when compared with that in the morphological and biochemical levels. In this study, the molecular genetic diversity in var. hypogaea was the richest among those of three botanical types and each group had much more subclades. From this analysis, we could confirm that genetic diversity was so rich that the cultivated peanut could be identified into more botanical types as Krapovickas et al. (1994) did.
The results in the present study show each set from the three botanical varieties could be distinguished from each other with the SSR markers and can be further identified into different sub-groups (Tang et al., 2007) . He et al. (2005) also reported that there were three groups of similar genome, in which botanical variety fastigiata with vulgaris, variety peruviana with aequatoriana, and variety hypogaea with hirsute. Since each group had the same pattern of bands using each of variety-specific markers, they postulated these specific markers might be actually related to these three groups. These results are mostly consistent with our results. The association between morphological traits and SSR loci of soybean landraces were also studied by Song et al. (1998) and the degree of association was meaningful. The cultivated peanut is an allotetraploid crop with A and B genomes. Less than four DNA fragments were amplified, because of the amplification of duplicated loci, each from the A and B genomes respectively, or fixed heterozygosity at a single locus, or possibly both of the above mechanisms (Hopkins et al., 1999) . However, more than four DNA fragments were produced by certain SSR primers, which could not be interpreted this theory (Tang et al., 2007) .
Better research on the relationship among the botanical varieties of Arachis hypogaea is essential prerequisite to be used effectively in the cultivated peanut germplasm management, and breeding programs and more marker and accessions need to be studied to understand the genetic diversity and the inter-and intra-variety genetic relationship for the future.
